DEVICE AND METHOD FOR RETRIEVING MEDICAL CAPSULE 



This application claims benefit of Japanese Application 
No. 2003-60152 filed on March 6, 2003 , the content of which 
are incorporated by this reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and a device 
for retrieving a medical capsule for use in medical 
examination of the human body taken into and discharged from 
within the human body. 

2 . Description of the Related Art 

Japanese Unexamined Patent Application Publication No. 
11-225996 discloses a swallowing type medical capsule which 
stays within the human body for a while to collect 
biomedical information. With biomedical information 
captured, the medical capsule is discharged from within the 
human body after passing through the digestive tracts. 

PCT International Patent Publication WO 03/005877 A2 
discloses a device and a method for examining a body tract. 
This device is reduced in size from the initial state 
thereof a predetermined period of time later so that the 
device may pass through a narrowed area in a tract of the 
body. 
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SUMMARY OF THE INVENTION 

A medical capsule retrieval device of the present 
invention includes at least one of a detector for detecting 
a medical capsule discharged from within the human body, and 
a catch unit for catching the medical capsule. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A to Fig. 4D relate to a first embodiment of the 
present invention. 

Fig. 1A illustrates configuration of a capsule type 
medical system in use in accordance with the first 
embodiment of the present invention, and Fig. IB illustrates 
a personal computer, connected to an extra-corporeal unit, 
for displaying and storing biomedical information in the 
system; 

Fig. 2 illustrates the internal structure of a capsule 
type endoscope; 

Fig. 3A illustrates the structure of a distal end of a 
retrieval tool in the first embodiment of the present 
invention, and Fig. 3B illustrates the structure of a distal 
end of a retrieval tool in a modification of the first 
embodiment of the present invention; 

Figs. 4A-4D illustrate the operation of the retrieval 
tool in accordance with the first embodiment of the present 
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invention; 

Fig. 5 to Fig. 9 relate to a second embodiment of the 
present invention . 

Fig. 5 illustrates the operation of a retrieval tool in 
use in accordance with the second embodiment of the present 
invention; 

Fig. 6 illustrates in enlargement a retrieval net; 

Fig. 7 illustrates a retrieved capsule type endoscope 
together with the retrieval tool introduced into a bag; 

Fig. 8 illustrates the operation of a retrieval tool in 
use of a modification of the second embodiment of the 
present invention; 

Fig. 9 illustrates a bag inside out with a top closing 
string fastened; 

Fig. 10 to Fig. 14 relate to a third embodiment of the 
present invention. 

Fig. 10 illustrates a retrieval tool installed on a 
toilet bowl in accordance with the third embodiment of the 
present invention; 

Fig. 11 illustrates a retrieval operation to retrieve 
the capsule type endoscope using the retrieval tool; 

Figs. 12A-12C illustrate a retrieval and storage 
operation in which the capsule type endoscope is retrieved 
using a container having a bag with cup-shaped catches 
attached thereto; 
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Fig. 13 illustrates an electrical system of a retrieval 
tool having a sensor in accordance with a first modification 
of the third embodiment of the present invention; 

Fig. 14 illustrates a magnetic sensor of a second 
modification in accordance with the third embodiment of the 
present invention ; 

Fig. 15 to Fig. 18 relate to a fourth embodiment of the 
present invention . 

Fig. 15 illustrates configuration of a retrieval device 
in accordance with the fourth embodiment of the present 
invention; 

Fig. 16 illustrates a retrieval device in accordance 
with a second modification of the fourth embodiment; 

Fig. 17 illustrates the internal structure of the 
capsule type endoscope in accordance with a third 
modification of the fourth embodiment of the present 
invention; 

Fig. 18 illustrates the internal structure of the 
capsule type endoscope in accordance with the third 
modification of the fourth embodiment of the present 
invention; 

Fig. 19 and Fig. 2 0 relate to a fifth embodiment of the 
present invention. 

Fig. 19 illustrates an electrical system of a retrieval 
tool in accordance with the fifth embodiment of the present 
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invention; and 

Fig. 20 is a block diagram illustrating an extra- 
corporeal unit in accordance with a first modification of 
the fifth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the present invention are discussed 
below with reference to the drawings . 
First Embodiment 

A first embodiment of the present invention will now be 
discussed with reference to Fig. 1A through Fig. 4D. 

As shown in Fig. 1A, a subject 2 swallows a capsule 
type endoscope (hereinafter simply referred to as a capsule) 
3 as a medical capsule through the mouth. When passing 
through a bodily tract, the capsule 3 picks up an optical 
image of the wall of the tract, and then transmits the 
corresponding image signal on a radio wave. A capsule type 
medical system 1 includes the capsule 3, an antenna unit 4 
for receiving the signal transmitted from the capsule 3, an 
extra-corporeal unit 5 (mounted outside the subject body) 
having a function for storing the image, and a capsule 
retrieval device (hereinafter simply referred to as a 
retrieval device) 31 for retrieving the capsule discharged 
from within the subject body. 

As illustrated in Fig. IB, the extra-corporeal unit 5 
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is detachably connected to a personal computer (hereinafter 
PC) 6. The PC 6 captures the image stored in the extra- 
corporeal unit 5, and stores the image in an internal hard 
disk or displays the image on a display 7 . A keyboard 8 is 
connected to the PC 6 to input data, etc. 

As shown in Fig. 1A, to perform an endoscopic 
examination with the capsule 3, the subject 2, wearing a 
jacket 10 with the antenna unit 4 having a plurality of 
antenna elements 11 mounted thereon, swallows the capsule 3. 
The capsule 3 picks up an image of the internal tract of the 
subject 2, and transmits the corresponding image signal from 
a built-in antenna to the antenna unit 4 . Upon receiving 
the image signal, the extra-corporeal unit 5 connected to 
the antenna unit 4 stores the captured image. The extra- 
corporeal unit 5 may be mounted on a belt of the subject 2 
using a detachable hook. 

The extra-corporeal unit 5 may have a box-like 
configuration, for example, and has, on the front section 
thereof, a liquid-crystal monitor 12 for presenting an image 
thereon and a buzzer 13 for alerting. 

As illustrated in Fig. 2, the capsule 3 is a watertight 
transparent housing 14 including a center cylinder portion 
closed by semi-spherical end portions. Arranged inside and 
near an image pickup end of transparent housing 14 is an 
objective lens 15 mounted in the center of a lens frame 16. 



Arranged at the focusing position of the objective lens 15 
is a CMOS imager 17 functioning as an image pickup device. 

White LEDs 18 are arranged around the objective lens 15 
as an illumination system. Arranged behind the CMOS imager 
17 inside a transparent inner cylinder member 22 in the 
transparent housing 14 are a control circuit 19 for driving 
the CMOS imager 17 and generating an image signal from the 
image captured by the CMOS imager 17, a communication 
circuit 2 0 for modulating the image signal and transmitting 
the modulated signal, and button batteries 21 for feeding 
power to the control circuit 19 and the communication 
circuit 20. Arranged behind the button batteries 21, namely, 
in the other spherical end portion of the transparent 
housing 14 is an antenna 23 which is connected to the 
communication circuit 20 and wirelessly transmits the image 
signal . 

The capsule 3 contains a magnetic material (attracted 
by a magnetic force) in at least a portion of thereof 
including the transparent housing 14. For example, the 
container of the button battery 21 is made of a magnetic 
material such as stainless steel containing iron. 

After picking up the image of the internal body of the 
subject 2, the capsule 3 is discharged through the anus of 
the subject 2. 

In this case, using the retrieval device 31 of the 
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first embodiment shown in Fig. 1A and Fig. 4A, the 
discharged capsule 3 is easily retrieved. 

As illustrated in Fig. 1A and Fig. 3A, the retrieval 
device 31 includes a retrieval tool 32 as a main unit of the 
retrieval device and a bag 33 having an enclosure function 
for use prior to and subsequent to a retrieval operation. 

As shown in Fig. 1A and Fig. 3A and the like, the 
retrieval tool 32 basically includes a bar-like hard rod 34 
and, on the end of the rod 34, a magnet 35 that detects the 
capsule 3 by attracting a magnetic material such as the 
button battery 21 contained in the capsule 3, and holds the 
capsule 3 by attraction. For the convenience of use in the 
first embodiment, the rod 34 of the retrieval tool 32 is 
hinged at a plurality hinge portions in the longitudinal 
direction thereof. 

The magnet may be a permanent magnet such as an 
inexpensive ferrite magnet, a high-magnetic force neodymium 
magnet, or a cobalt magnet, or may be an electromagnet which 
is turned on during a retrieval operation only. 

A medical staff may hand over the retrieval tool 32 in 
the enclosure bag 33 to the subject 2 who undergoes a 
medical check by the capsule 3 as shown in Fig. 1A. 

The enclosure bag 33 is used not only to store the 
retrieved capsule 3 as shown in Fig. 4C subsequent to the 
retrieval of the capsule 3, but also to store the soiled 
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retrieval tool 32 in the enclosure bag 33. 

The retrieval operation of the retrieval device 31 in 
accordance with the first embodiment will now be discussed 
with reference to Figs. 4A through 4D. 

The subject 2 who has swallowed the capsule 3 searches 
waste 42 for the capsule 3 using the retrieval tool 32 of 
the first embodiment of the present invention when the 
subject 2 defecates about 8 hours or more after the 
swallowing of the capsule 3. The subject 2 checks to see 
whether or not the capsule 3 is discharged together. 

When the subject 2 defecates in a toilet bowl 41 as 
shown in Fig. 4A, the capsule 3 may be discharged together 
with the waste 42. The capsule 3 contains the button 
battery 21 that is attracted by a magnetic force. 

As shown in Fig. 4A, holding the proximal end of the 
retrieval tool 32 , the subject 2 places the distal end of 
the retrieval tool 32 close to the waste 42. The magnet 35 
arranged at the distal end of the retrieval tool 3 2 attracts 
the button battery 21, thereby detecting the presence of the 
capsule 3 in the waste 42. The capsule 3 is attracted to 
and is thus held to the magnet 35. 

To facilitate the detection of the magnetic force of 
the capsule 3, the toilet bowl 41 is preferably a 
nonmagnetic material free from the effect of magnetic force. 
The same is true in other embodiments where magnetic force 
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is used for detection. 

The first embodiment of the present invention has the 
following advantages. 

In accordance with the first embodiment, the magnet 3 5 , 
attached to the distal end of the retrieval tool 32, 
attracts the magnetic metal (the battery or circuit) or a 
magnet in the capsule 3 . The capsule 3 , if present in the 
waste 42 , is thus detected and retrieved. 

If the retrieval tool 3 2 attracts the capsule 3 at the 
distal end thereof, the user swings the distal end of the 
retrieval tool 32 in water 43 in the toilet bowl 41 to shake 
sticking waste 42 off the capsule 3, and raises the capsule 
3 from the toilet bowl 41. 

Referring to Fig. 4B, the subject 2 introduces the 
capsule 3 and the retrieval tool 32 into the enclosure bag 
33 for retrieval through the mouth thereof. 

As shown in Fig. 1A, the retrieval tool 32 is stored in 
the folded state thereof in the bag 33 before use. As shown 
in Fig. 4C, the retrieval tool 32 in the folded state 
thereof and the capsule 3 are stored after use. The subject 
2 closes the mouth of the bag 33 for storage. If the 
capsule 3 is not yet discharged, the retrieval tool. 3 2 may 
be left in the toilet bowl 41. Alternatively, the subject 2 
may stores the capsule 3 each time of use. 

The subject 2 returns the closed bag 33 to a 



manufacture or a hospital. Alternatively, the subject 2 
carries the capsule 3 with him when he returns the extra- 
corporeal unit 5 to a hospital. A person in charge in the 
hospital sends the retrieved capsules 3 in lot to a 
manufacturer . 

In accordance with the first embodiment of the present 
invention, the retrieval tool 32 is simple and light-weight, 
and the subject 2 retrieves the capsule 3 at any convenient 
place outside a hospital, such as at home or place of work. 

If the capsule 3 is battery powered, a low-cost 
retrieval tool 32 works without the need for any particular 
retrieval device in the capsule 3 . 

Fig. 3B illustrates a distal end of a retrieval tool 
32B in accordance with a first modification of the first 
embodiment of the present invention. 

As shown in Fig. 3B, the retrieval tool 32B has a coil 
spring 45 having a diameter becoming larger toward the 
distal end thereof. A spherical magnet 4 6 is attached to 
the base portion of the coil spring 45, for example. 

Using the retrieval tool 32B, the user attracts the 
capsule 3 with the magnet 46 and receives the capsule 3 in 
the coil spring 45. In this modification, the capsule 3 is 
easily retrieved in the stably held position thereof. 

The capsule 3 is thus reliably retrieved. 

A second modification of the first embodiment of the 
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present invention is discussed below. Fig. 4D illustrates a 
retrieval tool 32C of the second modification of the first 
embodiment of the present invention with the capsule 3 in 
the retrieved state thereof. 

As shown in Fig. 3B, the retrieval tool 3 2C includes a 
tightly wound coil 47 on a rod portion thereof proximal from 
the base of the coil spring 45. The tightly wound coil 47 
has an appropriate hardness and flexibility. A rod is 
illustrated as the tightly wound coil 47 in Fig. 3B. 

The rod portion of the retrieval tool 32C, namely, the 
tightly wound coil 47 is normally straight as shown, but is 
flexible enough to be curved. 

With this arrangement, the subject can use the 
retrieval tool 32C in the straight state thereof to retrieve 
the capsule 3 . When the capsule 3 is stored subsequent to 
the retrieval operation, the retrieval tool 32C is curved in 
a loop to be introduced into the bag 33 as shown in Fig. 4D. 
The bag 33 is then closed for storage. 

The retrieval tool 32C of the second modification of 
the first embodiment of the present invention is thus easily 
handled. 

In the above discussion, the magnet 35 is attached to 
the retrieval tool 32. Alternatively, the magnet may be 
attached to the capsule 3, and the magnetic material may be 
arranged in the retrieval tool 32, or magnets may be 
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attached to both the capsule 3 and the retrieval tool 32. 
The magnet may be one of a permanent magnet and an 
electromagnet. 

A third modification of the first embodiment of the 
present invention is now discussed. The PC 6 and the 
display 7 in the capsule type medical system 1 shown in Fig. 
1 have at least one of the following plurality of functions. 

(A) Operation means for controlling image replay 
settings (replay of image, replay of image in reverse, fast 
forward, rewinding, stop, change of replay speed) are 
available. The operation means includes a button, a slide 
bar, a pulldown menu, etc. graphically drawn on a screen. 

(B) A plurality of images are concurrently displayed on 
a plurality of windows. Operation means for controlling 
image replay settings (replay of image, replay of image in 
reverse, fast forward, rewinding, stop, change of replay 
speed) are available to permit an individual setting on a 
window-by-window basis. Also available is operation means 
to control the setting common to all windows at a time. 

(C) The user may select a desired image from displayed 
images, and attaches a marker or a comment to the selected 
image. The user may present a selection image screen 
listing only the images having the marker thereon. The user 
may also present an image and comment screen listing only 
the image having the comment thereon. 
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(D) The user may switch a display screen from one state 
to another. For example , the display screen selectively 
presents a multi-window screen state, a single-window screen 
state, a thumbnail display state, and a selection image 
display state, 

(E) The user concurrently opens a plurality of 
different examination information. The plurality of 
different examination information may be switched using a 
tab method. The user clicks a tab using a pointing device 
110' (see Fig. IB), a wheel of the pointing device 110', or 
a tab key or a cursor key of the keyboard 8. 

(F) The user presents the images captured at regular 
intervals (every predetermined number of images or every 
predetermined time) from among all images taken. By 
clicking or double-clicking the pointing device 110' with a 
pointer on a displayed image, the user shifts the display 
screen to the single-window screen to replay that image and 
subsequent images. 

(G) The PC 6 and the display 7 include operation means 
for establishing a communication link with the extra- 
corporeal unit 5 of the capsule 3. 

(H) Subsequent to the start-up of the examination using 
the capsule 3, the PC 6 issues a communication link 
establishment request, a communication termination request, 
an image capture request, and an imaging stop request. The 
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extra-corporeal unit 5 is provided with the same function. 
The user thus operates the capsule type medical system 1 
from either the PC 6 or the extra-corporeal unit 5. 

(I) The capsule type medical system 1 has a setting 
function that modifies various settings in the capsule 3 
including an image capturing interval, an exposure condition, 
and an output of an illumination 18 during the examination 
using the capsule 3. The settings are entered operating the 
keyboard 8 or the pointing device 110'. 

The extra-corporeal unit 5 further has the following 
functions . 

(A) Display means (such as an LCD, an electric bulletin 
board, an LED, etc.) is arranged on the extra-corporeal unit 
5 to indicate the state of the capsule 3 (remaining battery 
power, temperature, a communication status , an error status, 
etc . ) . 

(B) The extra-corporeal unit 5 has a setting function 
for modifying the settings of the capsule 3 including an 
image capturing interval, an exposure condition, and an 
output of an illumination 18. The settings are modified 
using setting means, such as a button or a switch, arranged 
on the extra-corporeal unit 5 . 

(C) The setting means arranged on the extra-corporeal 
unit 5 has an error prevention mechanism. The error 
prevention mechanism includes at least one of the following 
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controls listed below. 

(a) A plurality of buttons or switches that must be 
concurrently operated. 

(b) A control that must be continuously operated for a 
long period of time. 

(c) Operation means having a cover thereon. 

(d) Operation means recessed from a surrounding 
operation surface . 

(e) A plurality of buttons or switches that must be 
operated in a predetermined sequential order. 

In accordance with the third modification, the ease of 
use of the capsule 3 is improved with a variety of functions 
incorporated. Examination and diagnosis using the capsule 3 
are thus facilitated. 
Second Embodiment 

A second embodiment of the present invention will now 
be discussed with reference to Figs. 5 through 9. The 
second embodiment relates to a net type retrieval tool. Fig. 
5 illustrates the retrieval tool 32D of the second 
embodiment of the present invention in use. 

As shown in Fig. 5, the retrieval tool 3 2D includes a 
retrieval net 51 and a band-like handle 52 with one end 
thereof connected to the retrieval net 51. After the 
capsule 3 is caught by the retrieval net 51, the retrieval 
net 51 is stored together with the capsule 3 in the bag 33 
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as shown in Fig, 7. 

Referring to Fig. 5, the retrieval tool 32D is set so 
that the circular retrieval net 51 covers a drain hole 54 of 
a toilet bowl 53. The handle 52 with the one end connected 
to the retrieval net 51 extends upward along the inner 
surface of the toilet bowl 53. The upper portion of the 
handle 52 may be folded back along the upper edge of the 
toilet bowl 53 to hold the retrieval tool 3 2D. 

The retrieval net 51 has a mesh that permits the waste 
42 to pass therethrough but not the capsule 3 to pass 
therethrough. 

As shown in Fig. 6, the retrieval net 51 is formed by 
netting fine wire 56 along a circular frame 55 in a grid 
configuration in a manner such that the retrieval net 51 is 
elastic. The retrieval net 51 takes the shape of a bowl 
with its own gravity.. As shown in Fig. 5, the retrieval net 
51 easily catches the capsule 3 in the bowl shape portion 
thereof is hard to drop the capsule 3. 

The subject 2 places the retrieval tool 32D to the 
toilet bowl 53 when defecating after swallowing the capsule 
3. The retrieval tool 32D is installed with the handle 52 
hung on the upper edge of the toilet bowl 53 and the 
circular portion of the retrieval net 51 covering the drain 
hole 54. 

If the capsule 3 is discharged together with the waste 
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42 in defecation, the capsule 3 is caught and remains in the 
retrieval net 51 while the waste 42 falls downward as shown 
in Fig. 5. If the capsule 3 remains mixed within the waste 
42, the toilet bowl 53 is flushed several times to wash only 
the waste 42 away. Since the retrieval net 51 is bowl- 
shaped, the capsule 3 is not flushed away together with the 
waste. 

If the capsule 3 is found, the user shakes sticking 
waste 42 and water drops off the capsule 3, and stores the 
capsule 3 together with the retrieval tool 32D in the 
retrieval bag 33 as shown in Fig. 7. The collapsible 
retrieval net 51 may be flattened into a unbulky shape in 
storage. Since the handle 52 is also folded at several 
points, the capsule 3 and the retrieval tool 32D are 
compactly stored in the bag 33. 

When the capsule 3 and the retrieval tool 3 2D are 
introduced together into the bag 3 3 as shown in Fig. 7, the 
mouth of the bag 33 is closed. The capsule 3 and the 
retrieval tool 32D are then sent to a manufacturer or a 
hospital or a collection company. A person in charge in the 
hospital transfers the retrieved capsules 3 in lot to the 
manufacturer or the collection company. 

The manufacturer or the collection company cleans, 
sterilizes, disassembles, and discards the capsule 3. 
Recyclable elements within the capsule 3 may be recycled, 



and the remaining components may be discarded. 

The second embodiment of the present invention provides 
the following advantages. 

The retrieval net 51 catches the capsule 3, thereby 
preventing the capsule 3 from being erroneously entrained 
away. 

Since the toilet bowl 53 is flushed prior to the 
retrieval of the capsule 3 , the capsule 3 is retrieved after 
the waste 4 2 is washed away. The capsule 3 is retrieved in 
the clean state thereof. 

The retrieval tool 32D is installed with the handle 52 
simply hung on the upper edge of the toilet bowl 53. The 
capsule 3 is easily retrieved. The toilet bowl 53 is not 
limited to any particular type (The retrieval tool 32D is 
applied to any type of widely available toilet bowls). 

Fig. 8 illustrates a retrieval device 3 IE containing a 
retrieval tool 32E in accordance with a first modification 
of the second embodiment of the present invention. 

In the retrieval device 3 IE, a retrieval net 51 and a 
handle 52, as the retrieval tool 32E, are attached to a 
retrieval bag 33'. The bag 33 1 has a closing string 58 to 
close the mouth thereof. 

More specifically, the bag 33* has a slit on the bottom 
portion thereof opposite from the mouth thereof. The handle 
52 is inserted through the slit and the end of the handle 52 
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is connected to the retrieval net 51. The other end of the 
handle 52 is positioned within the bag 33'. The slit 
between the bag 33' and the handle 52 is closed. 
Alternatively, the bag 33 1 may be bonded to the handle 52 at 
the slit thereof by adhesion to close the slit. 

During the retrieval operation, the retrieval device 
3 IE is set as shown in Fig. 8. More specifically, the 
retrieval net 51 is set within the toilet bowl 53 as shown 
in Fig. 5, and the proximal end of the handle 52 is 
positioned within the bag 33'. The user holds the proximal 
end of the handle 52 with the hand in the bag 33*. The user 
thus performs the retrieval operation with the user's hand 
kept away from the waste 42. 

When the capsule 3 is retrieved, the user sets the bag 
33' inside out to store the capsule 3 together with the 
retrieval net 51. As shown in Fig. 9, the bag 33 1 is closed 
by fastening the mouth string 58. 

The first modification of the second embodiment of the 
present invention has the following advantages. 

Since the retrieval tool 32E is attached to the bag 33', 
the retrieval device 3 IE is easy to handle. 

After retrieving the capsule 3, the bag 33 1 is quickly 
closed in a hygienic way. 

A second modification of the second embodiment of the 
present invention will now be discussed. 
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In the second modification, a magnet or magnetic metal 
is substituted for the retrieval net 51. During the 
retrieval operation, the subject 2 easily catches the 
capsule 3. Once caught, the capsule 3 is less subject to 
falling. The retrieval operation is thus reliably performed. 
The magnet may be an electromagnet. The electromagnet may 
be turned on during the retrieval operation only. 
Third Embodiment 

A third embodiment of the present invention will now be 
discussed with reference to Figs. 10 through 13. 

In the third embodiment, a toilet seat type retrieval 
device includes catch means attached to a toilet bowl. A 
retrieval tool and capsule storage means are separate 
elements . 

Figs. 10 and 11 show a retrieval tool 32F of the third 
embodiment. The retrieval tool 32F includes a driver 63 
arranged on the toilet seat 62, a bar-like or thin plate rod 
64 with one end connected to the driver 63, and a retrieval 
net 51 connected to the other end of the rod 64. The 
retrieval net 51 covers a drain hole 65 of the toilet bowl 
61. The retrieval net 51 is identical in structure to the 
one used in the second embodiment of the present invention. 

The driver 63 arranged on the toilet seat 62 includes a 
vibration motor 76 (see Fig. 13) to vertically vibrate the 
rod 64 connected to the retrieval net 51. With the driver 
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63 in operation, the rod 64 vibrates vertically as 
represented by an arrow in Fig. 10. These elements 
constitute washing means. 

A switch 66 is arranged on the side surface of the 
toilet seat 62 to switch on and off the vibration motor. 

A retrieval device of the third embodiment includes a 
capsule container 67 shown in Fig. 11 and Figs. 12A-12C. 

The capsule container 6 7 includes a pair of openable 
holder cups 68, and a watertight storage bag 69. 

The holder cups 68 are opened by handles 70. A spring 
71 loaded between the handles 7 0 normally closes the holder 
cups 68. 

The holder cups 68 have a plurality of holes that allow 
water to pass therethrough but do not allow the capsule 3 to 
pas s therethrough . 

The watertight storage bag 6 9 has a watertight function 
to prevent the arm and the hand of the user, such as the 
subject 2, from being soiled when the user takes up the 
capsule 3 from the retrieval net 51. 

As shown in Fig. 11, the user inserts the hand into the 
watertight bag 69 to grip the handles 70 of the holder cups 
68, opens the holder cups 68, and catches the capsule 3 from 
the retrieval net 51. After closing the holder cups 68, the 
user shakes water off the holder cups 68 through the holes. 

The user then sets the watertight bag 6 9 inside out, 
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stores the holder cups 68 , and closes the watertight bag 69 • 

Referring to Fig. 12A, the user applies force on the 
handles 70 to open the holder cups 68 to catch the capsule 3. 
Releasing the handles 70, the user sets the watertight bag 
69 inside out through the mouth thereof as shown in Fig. 12B, 
stores the holder cups 68 within the watertight bag 69 as 
shown in Fig. 12C, and closes the mouth of the watertight 
bag 69. 

The subject 2 uses the toilet bowl 61 with the 
retrieval tool 32F mounted on the toilet seat 62 as shown in 
Fig. 10 when the subject 2 defecates after swallowing the 
capsule 3. The toilet bowl 61 having the retrieval tool 32F 
mounted on the toilet seat 62 may be installed in a hospital 
or a medical examination center. The retrieval tool 32F may 
be integrated with the toilet bowl 61. 

When the capsule 3 is discharged together with the 
waste 42, the capsule 3 is caught in the retrieval net 51. 
If the capsule 3 remains mixed within the waste 42, the 
toilet bowl 53 is flushed several times to wash only the 
waste 42 away. 

If the capsule 3 is found, the subject 2 turns on the 
switch 66 of the toilet seat 62 to operate the vibration 
motor 76. The retrieval net 51 is vibrated together with 
the capsule 3. The waste 42 sticking to the capsule 3 is 
thus washed away. 
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After the waste 42 is washed away, the subject 2 stops 
the vibration motor 76. The subject 2 takes up the capsule 
3 using the capsule container 67 and stores the capsule 3 
into the bag 69. 

A person in charge collects the bag 69 having the 
capsule 3 stored therewithin in a hospital or a medical 
examination center. The collected capsule 3 is then 
transferred to the manufacturer or the collection company. 

The third embodiment of the present invention has the 
following advantages . 

Since the waste 42 sticking to the capsule 3 is 
reliably washed away due to vibration of the vibration motor 
76, the capsule 3 is retrieved more hygienically . 

The user retrieves the capsule 3 hygienically without 
touching the toilet bowl 61. 

Fig. 13 illustrates an electrical system of a retrieval 
tool 32G with a sensor in accordance with a first 
modification of the third embodiment of the present 
invention. In the first modification, a metal detector 75 
as detection means for detecting the capsule 3 is arranged 
in addition to the retrieval tool 32F illustrated in Figs. 
10 and 11. When the metal detector 7 5 detects the capsule 3, 
the vibration motor 76 in the driver 63 operates, thereby 
automatically washing the capsule 3. 

The metal detector 75 detects a metal such as the 



button battery 21 in the capsule 3. For example, the frame 
of the retrieval net 51 shown in Fig. 10 forms a search coil 
77. A signal line connected to both terminals of the search 
coil 7 7 extends through the rod 64 and is coupled to an 
oscillator 78. 

The oscillator 78 together with the search coil 77 
forms a resonance circuit, and changes the resonance 
frequency thereof when a metal approaches the search coil 77. 

A resonance voltage with the resonance circuit 
resonating at the resonance frequency with no metal detected 
starts decreasing when a metal approaches the search coil 77. 
The resonance voltage is detected by a voltage detector 79. 
A comparator (not shown) compares the resonance voltage with 
a predetermined voltage. When the resonance voltage becomes 
smaller than the predetermined voltage, the voltage detector 
7 9 outputs a signal representing the detection of metal of 
the capsule 3 to a CPU 80 as control means in the driver 63. 
In response to the metal triggered signal, the CPU 80 causes 
the vibration motor 7 6 to vibrate. 

In this case, after detecting the capsule 3, the CPU 80 
also works as a timer to continuously switch on the 
vibration motor 76 for a predetermined period of time (30 
seconds, for example). 

After vibration for the predetermined period of time, 
the CPU 80 causes a loudspeaker 81 to sound a beep, a melody, 
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a voice to notify the subject 2 that the capsule 3 is 
discharged or that the discharged capsule 3 is washed. 

When the sound is emitted, the subject 2 simply flushes 
the toilet and does not need to observe the subject's own 
waste 42 (Toilet flushing may be automatically performed). 

The first modification of the third embodiment of the 
present invention provides the following advantages. 

Since the detection, vibration, and washing of the 
capsule 3 are automatically performed, the retrieval 
operation is easily and hygienically performed. The user is 
free from observing the user's own waste 42 to look for the 
capsule 3. 

Since the search coil 77 is arranged on the retrieval 
net 51, the discharged capsule 3 is reliably detected. 

If the capsule 3 is detected, the vibration motor 7 6 
automatically washes the capsule 3. The subject 2 can learn 
the discharging of the capsule 3 without the need for using 
the loudspeaker 81. The vibration motor 76 is thus used as 
alerting means. 

If the capsule 3 contains a retrieval detection magnet, 
a magnetic sensor 85 (or a gauss meter) shown in Fig. 14 is 
used instead of the metal detector 75. 

As shown in Fig. 14, wire (coil) 86 is contained in an 
external frame 51 1 (of the retrieval net 51 shown in Fig. 
10). When the capsule 3 containing the magnet falls into 



the retrieval net 51, an induced electromotive force is 
generated in the wire 86. A current detector 87 detects the 
resulting current , and outputs a detection output to the CPU 
80 in the driver 63. As shown in Fig. 13, the vibration 
motor 76 is operated. 

A second modification of the third embodiment of the 
present invention will now be discussed. 

The detection of the capsule 3 may be alerted to the 
subject 2 using light like flash, or a combination of sound 
and light rather than the sound only in the first 
modification. As a result, even a person having hearing 
difficulty (such as a person of advanced age) may sense the 
alerting. 

In another modification, an ultrasonic transducer may 
be used as washing means instead of the vibration motor 76. 
The waste 42 is thus reliably washed away. 
Fourth Embodiment 

A fourth embodiment of the present invention will now 
be discussed with reference to Figs. 15 and 16. The fourth 
embodiment relates to a toilet dedicated to a capsule 
retrieval for use in a hospital or a medical examination 
center. 

As shown in Fig. 15, a capsule detection sensor 93 is 
arranged near a drain hole 92 and a capsule retrieval net 95 
is arranged in a drainage 94 in a toilet bowl 91 installed 
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in a hospital or the like. 

Close to the capsule retrieval net 95, a retrieval lid 
96 is arranged to close a retrieval hole through which the 
capsule 3 is retrieved. By removing the retrieval lid 96, 
the capsule 3 caught in the capsule retrieval net 95 is 
retrieved. 

The subject 2 may take a dose of purgative after 
swallowing the capsule 3 . After a medical examination 
(namely, about 8 hours after the swallowing of the capsule 3 
or after the moment no signal is received from the capsule 
3), the subject 2 may defecate in the toilet bowl 91. 

If the capsule detection sensor 93 detects a metal or a 
magnet in the capsule 3, a lamp 97 flashes to alert the 
subject 2 to the discharged capsule 3. The subject 2 may 
flush the toilet bowl 91 and leave from there. 

After retrieval, staff in the hospital, the medical 
examination center, or the collection company cleans, 
sterilizes, discards, or recycles the capsule 3 discharged 
from the toilet bowl 91 with the retrieval lid 96 pivoted. 

Collection may be performed in lot after some amount of 
capsules 3 is accumulated. 

The fourth embodiment of the present invention provides 
the following advantages . 

The subject remains at ease during the medical 
examination because the subject is freed from observing the 



capsule 3 discharged by him or her, and retrieving the 
capsule 3 . 

Since the toilet bowl 91 is flushed prior to the 
retrieval of the capsule 3, the capsule 3 is retrieved after 
the waste 42 is washed away. The capsule 3 is retrieved in 
the clean state thereof. 

A plurality of capsules 3 are retrieved together. 

A first modification of the fourth embodiment of the 
present invention will now be discussed. 

The first modification employs no capsule detection 
sensor 93. Sometime after the completion of medical 
examination or after the subject takes a predetermined dose 
of purgative (or intestinal irrigation) in succession to the 
completion of medical examination, the subject defecates 
several times in the toilet bowl 91. Depending on the dose 
of purgative, or time elapse from the medical examination, 
the capsule 3 may be discharged. 

Without the capsule detection sensor 93, the toilet 
bowl 91 is simplified with costs thereof reduced. 

A second modification of the fourth embodiment of the 
present invention will now be discussed with reference to 
Fig. 16. 

The difference between a capsule retrieval device 101 
shown in Fig. 16 and the toilet bowl 91 shown in Fig. 15 is 
that the capsule retrieval net 95 and a pivotal lid 96 are 
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integrally pivoted. The discharging of the capsule 3 is 
detected, and the capsule 3 is entrained together with the 
waste 42 to the drainage 94 in response to the flushing 
operation. The capsule 3 is caught in the capsule retrieval 
net 95. 

The capsule detection sensor 93 detects the capsule 3. 
After time elapse set to be longer than flushing operation 
using a timer (not shown), a motor (not shown) pivots the 
capsule retrieval net 95 and the pivotal lid 96 about a 
rotary axis 102 in response to the output from the capsule 
detection sensor 93. 

Along with the pivotal motion, the capsule 3 drops down 
from the capsule retrieval net 95 (the pivotal lid 96 
represented by two-dot-and-dash chain line in the pivoted 
position thereof). 

The capsule 3 caught by the capsule retrieval net 95 
drops into a retrieval pipe 103. The capsule 3 is 
automatically washed by an automatic washing device 105, 
automatically sterilized by an automatic sterilization 
device 106, automatically dried by an automatic drying 
device 107, and then automatically packaged by an automatic 
packaging device 108. A packaged capsule 3 is collected by 
a collection company. The automatic washing device 105 may 
be arranged below a floor surface 109 where the toilet bowl 
91 is installed. 



The second modification of the fourth embodiment of the 
present invention permits hygienic retrieval operation 
because the user is free from directly touching the capsule 
3. 

A third modification of the fourth embodiment of the 
present invention is discussed with reference to Figs. 16 
and 17. The difference between a capsule 3B shown in Fig. 
17 and the capsule 3 shown in Fig. 2 is that the capsule 3B 
includes a non-volatile memory 111 such as a flash memory. 
The capsule 3B also contains an optical sensor 112 that 
detects light from the outside. A signal detected by the 
optical sensor 112 is output to the control circuit 19. 

The control circuit 19 determines whether light is 
detected during light emission suspension period of the 
white LED 18 that emits at intervals. If light is detected, 
the capsule 3B is determined as being discharged from within 
the body of the subject. Images captured by the capsule 3B 
are stored in the memory 111. When the capsule 3B is 
discharged from within the body of the subject , the control 
circuit 19 receives the signal from the optical sensor 112. 
Under the control of the control circuit 19 , image data 
stored in the memory 111 is sent from the antenna 23. 
During the passing of the capsule 3B through the tracts of 
the subject body, the capsule 3B performs image capturing 
only, and does not transmit data outward. 
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The capsule retrieval device 101 shown in Fig. 16 
includes a signal reading device 110 represented by two-dot- 
and-dash chain line staged in succession to the automatic 
drying device 107- The signal reading device 110 receives 
the image data transmitted by the capsule 3 . The image data 
is then stored in an image database (server) managed by a 
hospital, a medical examination center, or a manufacturer. 
Physicians may access the database (server) to diagnose the 
subject viewing the images. 

The position of the signal reading device 110 is not 
limited to a stage subsequent to the automatic drying device 
107. The signal reading device 110 may be installed at a 
prior stage, or may be installed within the toilet bowl. 
The image pickup device (the CMOS imager 17) may be used as 
the optical sensor 112. In this case, the component count 
of the device is reduced. 

In accordance with the third modification of the fourth 
embodiment of the present invention, the retrieval and 
washing of the capsule 3 and data collection are 
automatically performed in a coordinated fashion. The 
retrieval operation is thus performed efficiently without 
human intervention. 

A fourth modification of the fourth embodiment of the 
present invention will now be discussed. Fig. 18 
illustrates a capsule 3C of the fourth modification. 
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The difference between the fourth modification and the 
third modification is that an infrared emitting element 123 
such as a light emitting diode is substituted for the 
antenna 23 in the capsule 3B shown in Fig. 2. The image 
data stored in the memory 111 is optically transmitted from 
the infrared emitting element 123 after the capsule 3C is 
discharged from within the body of the subject. 

The fourth modification of the fourth embodiment of the 
present invention employs a receiving system including an 
infrared receiving element instead of the signal reading 
device 110 represented by two-dot-and-dash chain line 
arranged on the capsule retrieval device 101 shown in Fig. 
16. The receiving system receives the image data 
transmitted by the capsule 3 . The image data is then stored 
in an image database (server) managed by a hospital, a 
medical examination center, or a manufacturer. Physicians 
may access the database server to diagnose the subject 
viewing the images . 

In accordance with the fourth modification of the 
fourth embodiment of the present invention, the retrieval 
and washing of the capsule 3 and data collection are 
automatically performed in a coordinated fashion. The 
retrieval operation is thus performed efficiently without 
human intervention . 
Fifth Embodiment 
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A fifth embodiment of the present invention will now be 
discussed with reference to Fig. 19. Fig. 19 illustrates an 
electrical system of a retrieval tool 32H of the fifth 
embodiment. The fifth embodiment of the present invention 
includes a detector 131 which detects the capsule 3 by 
receiving a weak radio signal emitted from the capsule 3. 
The detector 131 is arranged on the toilet seat 62. More 
specifically, the detector 131 is arranged in the driver 63 
attached to the toilet seat 62 and the rod 64 shown in Fig. 
11. 

The detector 131 includes an antenna 132 for detecting 
a radio wave from the capsule 3, a resonance and detector 
circuit 133 as received signal intensity detection means 
connected to the antenna 132, and an amplifier 134 for 
amplifying a detected signal. The output of the amplifier 
134 is fed to the CPU 80. 

Since the radio wave signal from the capsule 3 is too 
weak to be detected with the capsule 3 staying in the body, 
the detector 131 is unable to receive the radio wave signal. 
The radio wave signal becomes strong enough to be received 
by the detector 131 when the capsule 3 is discharged from 
within the body of the subject. When a signal in level 
higher than a noise level is detected, the CPU 80 determines 
that the capsule 3 is discharged from within the body of the 
subject . 
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The detection gain of the detector 131 may be increased. 
The CPU 80 compares the signal with a reference value 135 
that is set to be higher in level than a signal the detector 
131 detects when the capsule 3 stays in the subject body. 
When the signal rises above the reference value 135, the CPU 
80 determines that the capsule 3 is discharged from within 
the sub j ect body . 

When a signal higher in level than the reference value 
135 is input, the CPU 80 reports through the loudspeaker 81 
that the capsule 3 has been discharged from within the 
subject body. The CPU 80 may reports through the 
loudspeaker 81 after driving the vibration motor 76 as 
already discussed with reference to Fig. 11. 

Referring to Fig. 19, the antenna 132 is arranged in 
the rod 64. Alternatively, the antenna 132 may be arranged 
along the frame of the retrieval net 51 as shown in Figs. 13 
and 14. The detector 131 may be arranged close to the rod 
64. 

A first modification of the fifth embodiment of the 
present invention will now be discussed. 

A detector that detects the capsule 3 by receiving a 
radio wave signal transmitted from the capsule 3 is arranged 
in the extra-corporeal unit 5 (see Fig. 1A) the subject 
wears during the medical examination. The extra-corporeal 
unit 5 receives a signal transmitted by the capsule 3 during 
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the medical examination. The strength of the signal greatly 
changes from when the capsule 3 stays in the subject body to 
when the capsule 3 is discharged from within the subject 
body. 

The extra-corporeal unit 5 monitors the difference in 
the signal strength, thereby detecting that the capsule 3 is 
discharged from the subject body. The CPU 80 alerts the 
subject to the discharging of the capsule 3 using a buzzer, 
vibration, a melody, sound, light emission of an LED, an EL 
device, an electric bulb, a display by an electric bulletin 
board or a liquid-crystal monitor. 

Fig. 20 illustrates the structure of the extra- 
corporeal unit 5. A radio wave signal received by an 
antenna 11 (constituting the antenna unit 4) is input to a 
receiver circuit 141 for demodulation. The signal 
processing and control circuit 142 processes the demodulated 
signal into compressed image data, which is then recorded on 
a hard disk 143, or into a video signal, which is then 
displayed on the liquid-crystal monitor 12. 

The output of the receiver circuit 141 is also input to 
a signal strength detector circuit 144. The signal strength 
detector circuit 144 detects the signal input from the 
receiver circuit 141, compares the strength of the signal 
with a reference value 145, and sends the result of 
comparison to the signal processing and control circuit 142. 
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If the signal received from the receiver circuit 141 is 
higher than the reference value 145, the signal processing 
and control circuit 142 alerts the subject to the 
discharging of the capsule 3 sounding a buzzer 13, or 
blinking a portion of a screen of the liquid-crystal monitor 
12. An LED also may be used to alert the subject, as 
already discussed. 

The subject may flush the toilet and leave there. 
Since the reception function of the extra-corporeal unit 5 
is used, no particular detection means is required on the 
toilet side. The cost of the toilet is reduced, 

A second modification of the fifth embodiment of the 
present invention will now be discussed. 

In the second modification, the signal that is 
transmitted at the discharge of the capsule is not an 
standard examination signal. After a predetermined period 
of time (for example, 10 hours later) from the start of the 
capsule operation, a timer causes the capsule to shift to a 
discharge alerting simple signal transmission mode. The 
transmission of a simple signal consumes less power, and the 
capsule can continuously transmit the simple signal in the 
subject body for a long period of time. 

In the above-referenced embodiments, the capsule type 
endoscopes having an illumination and image pickup means 
have been discussed as the medical capsule. The present 
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invention is not limited to the capsule type endoscopes 3 or 
the like. The medical capsule may include the following 
means (a) -(c) . 
(a) Sensor Means 

The capsule has, on the external surface, a variety of 
sensors including an optical sensor, a fluorescence sensor, 
a pH sensor, a temperature sensor, a pressure sensor, an 
acceleration sensor, and a blood sensor (a hemoglobin 
sensor) . The sensors are mounted on the capsule so that 
watertightness is assured with the sensing portion of each 
sensor exposed to the external surface of the capsule. 

The sensing portion captures biomedical information 
including light level in the body, a chemical level (pH 
value) of internal fluid, a temperature of each organ, a 
pressure acting on the external surface of the capsule when 
the capsule passes through the tracts of the body, and a 
hemoglobin level at each organ (presence or absence of 
bleeding). Through communication means, the biomedical 
information is transmitted to receiver means. 

Data received by the receiver means is compared with 
reference values. Physicians and co-medicals diagnose the 
subject based on the information concerning the presence or 
absence of illness and bleeding, and a present position and 
passing state of the capsule. The medical capsule measures 
the pH level and the hemoglobin level in the digestive 
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tracts of the body without any pain to the subject. 
Physicians diagnose the subject in terms of digestive tract 
illness and perform biomedical examination. The capsule may 
be selectively equipped with a plurality of sensors for 
efficient examination . 

(b) Ultrasonic Probe 

An ultrasonic probe is attached to the capsule in a 
watertight manner so that an acoustic lens of the ultrasonic 
probe is exposed to the external surface of the capsule. 

An ultrasonic diagnosing image of an internal tract is 
acquired from an ultrasonic transceiver circuit within the 
capsule. Resulting data is transmitted to the extra- 
corporeal receiver means in the manner already discussed. 
An in-depth region of a tract, such as of the small 
intestine, deep from the surface thereof may be examined to 
determine the presence or absence of an abnormal lesion. 
Together with visual observation means, physicians diagnose 
the surface and the in-depth region of the tract at the same 
time. 

(c) Medical Treatment Means 

The capsule has an entrance leading to a medicine 
storage compartment and a bodily fluid storage compartment. 
The entrance is closed by soluble membrane, such as gelatin 
that is digested by gastric juice, or fatty membrane that is 
digested by intestinal juice. 



- 40 - 



When the capsule reaches a target location, a medicine 
may be directly administered, or a bodily fluid may be 
sampled. 

After verifying a bleeding location using the blood 
sensor and the visual observation means, the physician 
instructs the capsule to operate a treatment tool such a 
syringe needle for a hemostatic drug. The hemostatic drug 
such as ethanol or powder medicine is thus sprayed onto a 
bleeding area of the tract for hemostasis. 

A part or a combination of the above-referenced 
embodiments falls within the scope of the present invention. 

Also having described the preferred embodiments of the 
invention referring to the accompanying drawings, it should 
be understood that the present invention is not limited to 
those precise embodiments and various changes and 
modifications thereof could be made by one skilled in the 
art without departing from the spirit or scope of the 
invention as defined in the appended claims. 



